Aim/Background: The ultimate aim of any treatment for hepatocellular carcinoma (HCC) is to improve overall survival (OS); however, the clinical significance of time to progression (TTP) after transarterial chemoembolization (TACE) is unclear. This retrospective study examined the association between OS and the newly defined time to TACE progression (TTTP) to assess whether TTTP can be an alternative to OS in HCC patients with Barcelona Clinic Liver Cancer (BCLC) stage B. Methods: Between January 2006 and December 2013, 592 patients with HCC (BCLC B1, n = 118; BCLC B2, n = 170) underwent TACE. TTTP was then redefined as time to progression from the first image taken after TACE. The relationship between TTTP and OS was then examined based on survival time. Results: Survival analysis revealed significant differences in the OS of patients with BCLC B1 and those with BCLC B2 (median OS: 42.3 months, 95% confidence interval [CI] 34.4-50.7; and 29.3 months, 95% CI 26.1-37.6, respectively, p = 0.0348). The median TTTP values were 9.5 months (95% CI 7.0-10.9) and 5.3 months (95% CI 4.6-6.7), respectively ( p = 0.0078). There was a moderate positive correlation between OS and TTTP for both B1 ( R 2 = 0.6563, p = 0.0045) and B2 ( R 2 = 0.6433, p = 0.0052) substages. There was also a positive correlation between OS and TTTP for the combined B1 and B2 substages Conclusions: There was a moderate correlation between the TTTP and OS of patients with HCC after TACE therapy, where the patients with short TTTP represented short OS, indicating that TTTP is an alternative parameter for survival analysis of HCC patients with BCLC stage B tumors who undergo TACE.
Introduction
Despite recent diagnostic and therapeutic advances, hepatocellular carcinoma (HCC) is still the third-most lethal malignancy worldwide and is associated with increasing mortality [1] . Nationwide follow-up surveys conducted by the Liver Cancer Study Group of Japan show that the total number of liver cancer deaths began to increase sharply in 1975, peaked in 2004, and declined again thereafter. It is noteworthy that the establishment of a nationwide HCC surveillance program contributed to improved overall survival (OS) rates [2] . With respect to treatment, sorafenib is effective for cases of advanced HCC [3, 4] , and various embolic materials and catheters have been developed for transarterial chemoembolization (TACE) [5] . These advances have contributed to improved OS rates in the past decade. In addition to OS, studies examining the efficacy of anticancer agents and other interventions have examined time to progression (TTP), which is generally defined as the time from initiation of treatment intervention to tumor progression per Response Evaluation Criteria in Cancer of the Liver (RECIST), and is evaluated by comparing pretreatment images with follow-up images.
However, insufficient deposition of lipiodol, which is indicative of TACE failure, may mean that patients undergo further rounds of TACE, irrespective of whether tumor progression per RECIST is detected. In other words, whether or not progression is confirmed, TACE may be repeated in patients that show a progressive disease. Because this means that multiple TACE procedures could be performed even after tumor progression is confirmed, TTP (as a surrogate measure of evaluating survival) is not suitable for patients treated with TACE.
The effects of TACE can also be masked by the emergence of a new lesion, which is considered progressive disease according to the modified RECIST [6] and the Response Evaluation Criteria in Cancer of the Liver (RECICL) criteria [7] . Although TACE is recommended for patients with Barcelona Clinic Liver Cancer (BCLC) stage B HCC [8] , a majority of patients undergoing TACE actually harbor multiple intrahepatic tumors or a single large hepatic tumor. Under these conditions, it is easily assumed that these HCCs will have a high frequency of intrahepatic metastasis; also, because of the biological characteristics of HCC, new lesions are likely to appear.
The appearance of new lesions immediately after TACE is indicative of "progression" and so the treatment response will be classified as progressive disease according to the RECIST and mRECIST criteria, despite any favorable response noted in the initially treated tumor. Currently, sorafenib is the only treatment strategy available after failure of TACE [9, 10] . However, in clinical practice, "progression" is not determined by development of a new small lesion, and switching from TACE to sorafenib or other therapies does not necessarily happen at this point. In such cases, it is conceivable that a favorable response by the treated tumor would improve survival, irrespective of the development of new lesions.
Although many clinical trials of TACE alone or targeted agents in combination with TACE use OS as a primary endpoint, it takes a long time before its effects are proved [11] [12] [13] . Furthermore, the OS benefit is diluted by prolonged post-progression survival [14] , because post-trial treatments such as intra-arterial infusion chemotherapy, sorafenib, or other trial agents (including regorafenib, lenvatinib, or immunotherapy) can have a chance of marked antitumor effect, resulting in longer post-progression survival irrespective both in the testing and control arms. However, TTP can be evaluated over a shorter period of time than OS; therefore, it would be a more desirable endpoint if it actually correlated with OS. To date, no trial except one [15] has used TTP as a primary endpoint because, as mentioned above, it is unsuitable for assessing the effects of TACE therapy [16] . So far, it is generally well known that TTP based on RECIST does not correlate with OS in targeted agent trials probably because treatment in both testing and control arms is often followed by other post-treatment anticancer agents or procedures [17] [18] [19] . In case of a TACE combination trial, the dilution effect on OS by post-trial anticancer treatment would be much larger since the OS of BCLC stage B HCC patients is longer than the OS of BCLC stage C HCC patients.
The aim of this study was to ascertain whether the newly defined time to TACE progression (TTTP) is a useful parameter for assessing the effects of TACE on HCC. Thus, we analyzed the correlation between OS and TTTP among HCC patients who underwent conventional TACE (cTACE) therapy.
Materials and Methods

Patients
Between January 2006 and August 2013, 592 patients with HCC underwent cTACE as a first-line treatment at Kindai University Hospital. Of these, 288 who had undergone cTACE during their clinical course and met the inclusion criteria were enrolled in this retrospective study. All patients satisfied the diagnostic criteria for HCC set out in the American Association for the Study of the Liver Disease guidelines. Clinicopathological variables, including demographic parameters, tumor staging (based on the number of focal lesions and the maximum diameter of contrast-enhanced [CE] lesions), Child-Pugh score, and BCLC stage, were collected at the time of referral (i.e., prior to treatment). The inclusion criteria were as follows: (1) a diagnosis of HCC based on histological examination, radiologic findings of early enhancement followed by late washout on CE-CT, or dynamic MRI; (2) performance status of 0; and (3) Child-Pugh class A or B preserved liver function. The exclusion criteria were as follows: (1) concomitant antineoplastic treatment and (2) lack of data before and after cTACE due to missing medical records. Patient characteristics are summarized and presented in Table 1 . The patient population comprised 213 men and 75 women. Overall, 180 patients (62.5%) were positive for the antihepatitis C virus antibodies, 27 (9.4%) were positive for the hepatitis B virus surface antigen, and 81 (28.1%) were negative for both. 244 patients (84.8%) were classified as ChildPugh class A. Epirubicin, miriplatin, and cisplatin were used as the TACE chemoagent in 265, 20, and 3 patients, respectively.
Kinki Criteria
For substaging according to the Kinki criteria, patients were classified according to their Child-Pugh score (5-7 points or 8-9 points) and according to the number and diameter of the tumors using the Milan criteria and the up-to-seven criteria. Substage B1 cases had a Child-Pugh score of 5-7 and met the up-toseven criteria; substage B2 cases had a Child-Pugh score of 5-7 and exceeded the up-to-seven criteria; substage B3 cases had a Child-Pugh score of 8-9 and any tumor status [20] [21] [22] [23] .
TACE Technique
The right femoral artery was accessed using an 18-gauge Seldinger needle and a 4-Fr sheath inserted. The celiac artery was catheterized using a 4.2-Fr catheter, through which a 2.2-Fr microcatheter (Shirabe ® ; Piolax, Yokohama, Japan) was advanced coaxially into the common or proper hepatic artery. Rotational angiography was then performed to evaluate the vessels feeding identified tumors. The tip of the catheter was then placed into the segmental and subsegmental feeding arteries with assistance from selective hepatic angiography and/ or tracking navigation imaging. Chemoembolization was then performed using 60-120 mg of miriplatin (Miripla Neither drug-eluting-bead TACE (DEB-TACE) nor balloon-occluded TACE (B-TACE) were utilized in this study.
Time to TACE Progression CE-CT or CE-MRI was initially performed at 1 month after TACE therapy to obtain baseline images. These were then compared with images taken every 1-3 months after therapy. To assess the target lesions, the 5 largest tumors were selected from the intrahepatic lesions for the total of maximum diameter of each viable lesion in one dimension measurement. Progression was defined as a ≥ 20% increase relative to the post-treatment images (baseline images) in the summed diameter of the 5 largest tumors on post-treatment images. The appearance of vascular invasion or extrahepatic spread was also regarded as progression. TTTP was defined as the interval from the day of baseline images after treatment to the time of progression. For example, if a ≥ 20% increase in the summed diameter was observed on images obtained 1 month after baseline, progression was deemed to have occurred at 1 month after treatment: the TTTP would therefore be 1 month.
Statistical Analysis
The outcome of interest, OS, was calculated from the date of the first cTACE to the date of death or last clinic follow-up. Patients were followed up until October 2016. OS was calculated using 2 methods. First, institutional electronic medical records were checked to confirm each patient's vital status or date of death, if available. Second, all patients who remained alive and patients of unknown vital status were censored at the last known clinical follow-up date. Kaplan-Meier survival curves were plotted, and the significance of differences was assessed using the log-rank test. Categorical variables were compared using the Bonferronicorrected Mann-Whitney U test. Differences with a two-tailed p value of <0.05 were considered statistically significant. To examine relationships between TTTP and OS of the patients, the Pearson correlation test was applied. Any discrepancies between OS and TTTP were identified from correlation plots. All analyses were performed using the SPSS Medical Pack for Windows, version 10.0 (SPSS, Inc., Chicago, IL, USA). 
Results
OS and TTTP
The median OS value for BCLC substage B1 and B2 patients combined was 35.3 months (95% confidence interval [CI] 31.4-41.7). When we compared OS and TTTP among the B1 and B2 substage groups using Kaplan-Meier estimates, we found a significant intergroup difference in the median OS values: 42.3 months (95% CI 34.4-50.7) for group B1 and 29.3 months (95% CI 26.1-37.6) for group B2 ( p = 0.0348) ( Fig. 1 a) . Further comparison revealed a significant difference between the groups in terms of the median TTTP, with values of 9.5 months (95% CI 7.0-10.9) for group B1 and 5.3 months (95% CI 4.6-6.7) for group B2 ( p = 0.0078) ( Fig. 1 b) . 
Association between OS and TTTP
To determine the effect of TTTP on OS, we classified TTTP into subgroups based on duration, with a 5-month range per group.
The median OS values for each TTTP range in the B1 substage group are presented in Table 2 . Although there was no significant difference in the median OS among these subgroups, Pearson correlation analysis revealed the positive correlation between TTTP and OS where the patients with short TTTP represented short OS and those with long TTTP showed long OS; the median OS values (25- ( Fig. 2 a; Table 2 ). For the B2 substage group, the corresponding median OS values are presented in Table 3 . A significant difference was observed for the median OS in several comparisons: between the groups with OS of 0-5 and 10-15 months ( p < 0.0001), 0-5 and 40-45 months ( p < 0.0001), 0-5 and >50 months ( p < 0.0001), and 5-10 and >50 months ( p < 0.0001) subgroups. In addition, there was a significant positive correlation between OS and TTTP in B2 substages by Pearson correlation analysis ( R 2 = 0.6433, p = 0.0052) ( Fig. 2 b) .
The median OS values for each TTTP range when the B1 and B2 substages were combined are presented in Table 4 . There was also a significant difference in the median OS between the groups with OS of 0-5 and 10-15 months ( p < 0. ( Fig. 2 c) . 
Discussion
Here, we compared OS and TTTP among patients with substage B1 and B2 HCC. The results according to the Kinki criteria showed that those with substage B1 HCC undergoing cTACE had longer OS and TTTP than those with substage B2 undergoing cTACE. Moreover, OS correlated with TTTP: patients with a longer OS also had a longer TTTP.
Despite administering standard-of-care therapy according to established guidelines, in clinical practice we sometimes encounter patients who present with tumor progression shortly after treatment. These tumors may be resistant to further treatment and the patients often have a poor prognosis.
Early intrahepatic metastasis of HCC may be caused by dissemination of tumor cells via the portal vein [24] . Insufficient deposition of lipiodol may allow TACE-resistant tumors to survive; subsequent dissemination of residual HCC cells via the portal vein leads to early recurrence and a poor prognosis [25] . Here, we assumed that the inefficacy of various posttreatments against the highly malignant tumors meant that patients with a short TTTP also had a short OS.
Currently, many clinical trials of TACE use OS as the primary endpoint because it is not clear whether TTP per RECIST truly reflects OS. Here, we observed median OS values of 42.3 months for the B1 substage group and 29.3 months for the B2 substage group. These median survival times are quite long (>2 years); therefore, any clinical trial that uses OS as an endpoint would require a very long follow-up period. However, the median values for TTTP were 9.5 months for the B1 group and 5.3 months for the B2 group; these times are clearly much shorter and correlate with OS. Thus, the data suggest that TTTP is a suitable endpoint of clinical trials because it requires a shorter follow-up period than OS.
Having said that, a few cTACE-naïve patients showed a discrepancy between OS and TTTP (i.e., some showed a long OS and a short TTTP). One possible reason for this is that a second round of cTACE might have been effective, thereby extending OS. For example, several types of anticancer agents can be used alongside with cTACE. Such second-line chemotherapy agents might have improved the treatment effects. In addition, new TACE procedures such as DEB-TACE (which uses drug-eluting beads) and B-TACE (which uses balloon occlusion techniques) were available for the second round. Another possible reason is that post-cTACE treatment might have been effective, thereby contributing to the long OS observed in some cases with a short TTTP. For example, the use of sorafenib to treat patients with TACErefractory disease and a short TTTP actually prolongs OS [9, 10] . However, in general we found that OS correlated with TTTP in patients with B1 or B2 substage HCC. Taken together, these results suggest that TTTP can predict OS after TACE. Thus, TTTP is a potential surrogate endpoint for OS in future clinical trials testing the effects of TACE, or new agents combined with TACE, on HCC.
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